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U ; ~~s .  T~~s~ stuc1 H~ H•ve bo~o r iv~ t :~ r~ ~~~~ t. ~-y ~J i-  ~~o:~ ~~~~~~~~~~

.~ e~’ e i - e  of n.~te1 binding to L~A co ti~~enL~ . W.~ ~‘.‘2

in i t iated i fl’/CS t~ c~e ti ons of tLe prepera Lion md p:j ~~ j - -~ oi  S ~ :h ; :-: c i

S Li ~i 
(- -11 1y I th copp~r( II) I oh ~ s I I  ‘~p ‘ 1 — 1

so] ucion . T hese condi tions have been chos2n ror ~~‘;~~ p~~ nn pn~ ~e ~~~~~~~ -

Hr-s t . puri nes can undergo a variety o~ ac id- be~e renc t ions 1 en d  ~~ns

offe r the possib i l ity  of coo rdinat ion as neutral and a lso as bet h a nLeic

or cati cii c ii qarids . Since there have been relati val’ : fe~i recal co~ple~~s

char act e r ized involv ing cat ionic l igands , pr~~e~et lO iS  10 •c C f  t c sel u c ::!~s

~::ey lead to ns~, examples of this structure type , and hence to e g ate r

understanding of the role o~ charge in retn 1-l iç- i nd hued rrat ien.

Second ly , ~-;e hav~ I nen interested in magn~ ti c exc hang e in ~erect ~ ni~ in

ii nand-bri d’~od copp~r( IJ )  co rplexes , end sever a l exar ples of cur pe ends

of this type are Fo rn~ed wi th puri nes . Aith ou~h it has proven ~~~ i b l e

to correla te structure and magnetic properties in hydroxo -hridr~ed cappe r (II)

dir~rs
2 , sun ldr correlat ions have not proven poss ihle in ch1r de- -Lpe~

sys tees , in large part because of the absenc e of su it~bly chara c t~r~ ee l

materials. Reaction o-f guanine w ith copper( I I) chlüride in h:’drochlon ic

acid so lut ion produced the chlori de-bridged direr tr ichiorog ~ii i ci c~’co ,~peHII )

hydrate 3 , in which exchange interactions have been ch~ racte r izcd ’ . t-~e

be l ieved that analogous ma terials mig ht be prepared using other pLI’ ine

b a ses , and these materials may al low us to extend the range of pro~erti~es

displayed by chloride -bridged copper(II) dirre rs .
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~ ;- cc~ i\ ’nd. Uc tech l c i - o t i s (e - t .:e i t Hn) . r i c  cicer (I I - h r  ~dre ’.c ~i

an Iev ~o i s I V  d esc r ibe d .5 He:e~ se ;j ;-i a ve : i ~~Ly c;~ c~~. ~~~~~~~~~~ r o L ! ,  ~

Fo r-ee l I.~ Cd e : ’  den t ic e l  or on ly s1i~~it l v di PHren~~ r, .~ cti~ e coe -1l ~~ iC I n  ,

becec:e d i fFLu it  to prcp~~e ure~~~ He’ Li!s , a n n  SUH p’e p7r1~t~OnS : : r e a l  I

rnqu~ red careful f r .nct ic ia l  cr~.s t i  ii !ati ons . ci ~~~~ ~~~~ CIerpi 
~~~

were all peceared under several sets of cendi ti ce ; , ~ ~~ ~~~~ 
.

Uni ch fol I ow appear to he those which provide tee cen ’olnx~s roe c I ty  n

pure fo rci .

Dich lorcn : ner - nr nac (1l), (Ad) C uC1 2 
6

• 1.33 g. (10 roles ) ol eden ne

dissolv ed in 12.0 I d.  of 1.0 rn.i at re f l ex .  ih hot so~uticn of 2.35 g.

( i l  c r o l e s )  CUC 1 ? .2H,0 in 15 cii . U,O ens r .e~ . li i n

precipi  ta te heqan to ic~~ .- i t h i n  a l i  nir:~tes . Th is  eas c~~lcen ~ d on a

si e t ci ed glass Irit red ::a~h e i  w l c h  1 .1) ~ PCi . bo i l ing  unti l  the sülut ion

vol u .n wa s c .  15 ml . - rdJ :eJ a fu -tr u’ crop of p r - e d n a :.  Yie ld :  0.55 g

(2 i e :o les  ; 20P) in;’]. Calc ’d For (C~h H ~ )C ’ Cl 2 : C , 22.28;  H , I .5 7 ;  Cl , 23.33 ;

Cu , 23.57. Pound : P , 22.57; H , 1.78; Cl. 26.23; Cu , 22.98. ui~ coLd d-e s

not trait , nor exhibit any sine of dnccrp’osition , below 235 C.

Bis(ad en in iini -H 2~~)hexach 1orocuprate (II), (AdH 2~
2)2CuCi 6. 1.0 g ( 1 emo l es)

adenine and 2.0 g (11 necoles) CuC1 2’2H20 were dissol ved in 55 1. of refl uxinq ,

concentrated HC1 . Upon cooling, green crystals of product formed. These we -c

coll ected on a s intere d g lass funnel , an d t.iash ad with concentrat ed HC1 a~d

acetone. Yield , 0.45 g (0.8 mmole , 23n). An a l. Calc ’d for (C5N5H7)2CuC1 6: C,

?l. lt~; II, 2.56 ; Cl , 38.63; Cu , 11 .54. Found: C , 21.7 8; II, 2.37; Cl. 37.55;
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( ‘~~, 1 1 . 55. ;h~~ci 1
i i t :  ~~1 . Id~ ‘C (

~ar~anc ha t r r  i , n. . P i3 — d~3 I_,

i ~: i.. . na c i Li

UInn lc r I . Ih le(  - - i i 1 : 1 r i) c n : ; - ( i i~ chir - i ~~~ IC i : 2 i 2 ( :~~d~ ) , Cl.~. 0 ( (3 unc l e s )

I n e -  ~~~~~ g (: roles ) C d  ~~~~~~ ~~~~~~~~ ‘ i re  m e  to bo:1 ie ~ in 10 ml.

Q i 6 1 II 1 C~ ilii C l  I ~ r 3 S L  I ]inJ cr L ~ j ,  b~ I 1 _

er -- a i d  ~ n - i :  c ’ n s : : I l s  e r - n P e p - t~~i Le d .  L r y s c  were  r :o l 1” c: :~d cci a s ntecec

i i e ~ s Fc:~~:e~ a:;J ~‘ - i ; .’ i  ;it h 3- ~ Hi c -~~’i  e- :eL : ’e . Y ie l d , 0.2~ q (Lb rr~oles ,

52 ~). His cci:~i ~X ~~~ a lso  u’ n~~d by rear s tall i zatioc of octrohiorob i s-

(edeninum )tiiccrper (H) Le t c:n, - d e a c o .  1.0 g (1.2 ruoles) of (;H-~ )2Cu 3Cl 8’4H20

en s dksu . d ir- 20 a’ ’ . at 33 1:1 at r r lux .  Upon coci i ing to 4 C  Hr 3 days ,

0.55 g (1 . 1% ; r ;  ales. 9~ - )  of crpcteilH. e oracLct wes deposited. Hal . Cal c t d

lu- ((~. h h ~~ ,uuCl 4 : C , 2nI . l5 , H , 2 . 5 3 ;  Cu , 13.30 . Faced : C , 25.13; H , 2.61 ;

Cu , 13.20 . Pci t inq pa i n t :  cc ?H C darkens , 255 C we lts with dncr npcsit ien.

D [CuBr ~~~ h~~) 2~~r2.

[.1 tha n 3 this inn Lan d has h e n  rcp.n~- t :d previous ly1 ~~
, prepar ’ati ~e detai ls

we -a not  gi ven , and for that reasne na i~ c1nde our results . 0 .~ 03. (3.0

r v ~les ) of adeni r :a wer e d isso lv ed in 10 ml. of hot 33 HC1 , and 0.30 g

(1 .35 sneoles ) of Cu3r2 were add .~d . The soluti on - as heated to ha ilin g,

then cooled to room terperature . The dark reddish purp le crystals which

formed were collected on a sintered glass funnel , C::1~hed with 33 H-3r , and

vacuun dried. Yield: 0.8 g (1.22 m oles , 901) Anal. Calc ’d -for (C 5 N5H6 ) 2-

CuBr fl : C , 18.32 ; N , 1.85 ; N , 21 .37; Cu , 9.69 . Found: C, 18.19; H , 1.56,

N. 21 .28; C i , 9.52.
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- .c ~~-~~n~~i n s n s  ~ CC C  by 1n ~j - ~l Picru tna lyt i cal L.~ia~ . b.ir~cs , In c.

1~aleigh , H. C.

Ptgneti c fleasure nentns . Macp etic c~scept ibi 1 ity r;e~surei . an te u-n r~,-de on

powdered semel es o~ the cc;rplexes using a Fnn~ r- type vthrating-s amp ;n

magnetometer 7 
o p e ra t i n g  at 10 kg as descri3ed els~y,here .8 tli:hel metal

was employed as a suscep tibility standard . ~eesurersents -ieee wade in the

temperature range 2-l55°K. The temperatures were measur ed w i c h  a calibrated

GaAs diode. Su sceptibilities were corrected for the dima gnetism of the

sub stituent atoms using Pascal ’s cons tants 9 and for the temperature-

independe nt paramagn atism , tkt , of copper(II) (estimated to be 60xl 0 6 cgsu/ Cu

atom) . Low frequency (500-100 cm 1 ) in fra red spectra employing Nujol inulls

on po i- .- e t hv le ne  plates were obtained using a Dig ilab FTS- 14 FT interferometer.

- 

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
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Crystallographic Experiments c-n [Cu(Adl (~)2C12]Cl2. Weissenberg and precessi on

photograp hs indicated that the complex is isomorphous with the analogous bromo

com plex ,10 with four formula units in space group C2/c of the monoc linic

syst ew . The cell constants , de te rmi ned by least -squares methods , are a 18. 117(4),

b = 8.576(1), c = 11.8 14(4) 11 and ~ = l14 .29(1) ° ; these observations were made at

21 CC w i th NaK; radiation and ~(l-~oiti ) assume d as 0.7093 A.

Di f f r ac t ion  data wer e col lected from a prismatic crystal which was mounted

rc.uqhlv pa rallel to the (401) di rection . The data were collected on a Picker

four-circ e dif- iroctometer using MoF’~ radiation. T he takeoff angle was 1 . 1 0 ;

at this a n g i L  the peak intensity of a ty p ical  strong reflection was approxi mately

Y5~ of its an a luc . A total of ‘i792 reflections (including standards and

so re Frit- a w a s cxan: i ned by the e-2 o scan technique at a scan rate of

~~ I a n  niece for both the prese nce of Krt 1 and K~2 radiations ,

t ie  t i a i ~- - ciei ng ~ c~sr~ed f ro . ~Q • 75fl in 20 below the calculated K~ pea k posit ion

to ~0 .75 in H Have the ca lcu lated K~2 peak posit ion . Stationery-counter ,

s t ionar ~-crysta l background counts of 10 sec were taken at each end of the scan.

A cci que data set having 2~<65° was gathered. There were few reflections

ab ov e b~ cl~qro~ nci at values o P 2e >65° . Throuqhout the data col lection , the

iatens it~es cf three standard reflections, meas ured every 100 reflections ,

re :ain~d ess ent ia l l y  constant.

Ja iL  p ra r e s s i ng  -~as carr ied out as described by Corfield , et

ift~ co rr~ C’~~ 0i I  for bac kq ruund the intensit ies were assigned standard

u~” iat~n~~ acccrc l i f l c j  to the for m ula

w i t h  t h~; ~;iu H p 52c c’  tc Se 0 . 0 5 .  The \‘~- l ues of I a n t  o ( 1)  were

( . i ~ i~’~~Cu - I i  c r  .r i ren tx -pn lar i ;’ :t on nffL c55 hut not for absorption. The

- 
- ~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~
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aheorpt ion ~ Ffi cie nt ~or iii secp1 ~ 11 a rodi etion is i~~. cri l 
, and [or

t u e  sc pl used a L - i al cal L 4  a t ion s i ir - ;ns ted th at H-c mcc x i rca a ~fnc of

H ~orpt ion is lass thue Sd (on F2 ) in a iy  intensity . A tote of ~7~2

reflecti ons was collected , of -h~ ab 2156 - are i rmde pe r :dee t Pa be ii H

only these data war-a used in th~ fine] rofi necr ent cf H-a struc fsra .

1- aInspec t ion of a th ree—di me nsiona l Pat terson funct ion - d o rs t r - a ted

that the ccii p i ex was indeed isost ructL :ral ifth the bromno ana loc . A ~~cs z —

squares calculation including all non—hydrogen atoms with anisetro p ic the~orai

paramete rs converi~ed to val ues of the conventional R-fecto rs 3 of 0.050 end

0.072 . The hydroqen atoms were located in a di tierence Fauri er nap, and

a least-squares calculat ion in wh ich non-hy drogen atoms mere refined

an isotropi ca l ly wh i le  hydrogen atoms were refined isotropic ally gave P1 0 .042

and R 2 0 .054 .

Ex~i ii not io n  oh the values of IF C~ and  F0~ s ’~gcm e sc ed that the data mere

suffering 1 -or necondary extinct i on , so a correct ion of the t’p e described

by Zach a r iec en 1
~ 

i_ _ as nppl ied. Least-squares refine ment led to a value of the

extinction coeffici ent of 5.1(8) x 10~~; this small change in the model brought

about only an insignificant change in the values of P1 and P2.

Examination of the va lues of 
~
FC I and F01 sug ges ted to us chat no

correction for secondary extinction is necessary , an d none was applied. In

the final cycle of least-squares refi nement , there were 2156 observations and

139 variables , a reflection to var iable ratio of 15.5 : 1. In this final

cycle , no parameter underwent a shift of core than 0 .04w , whic h is taken as

evidence of convergence. The va lue of R2 shcws no unusual dependence on

or on s in- , which suggests tnat our weightin g sche me is adequate. ~¼ final

difference Fourier showed no peaks higher the rm 0.6eA 3. The posit iona l and

thermal parameters derived from the fina l cycle , along with their standard

deviat ions as estima ted from the inverse matrix , are presented in Tab les I

- -— - - - -- ‘—~~~~~~~~~~ 
-- —:-- t~ 

---:
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-



and II. a Cn ; p l i n t i O n  Ci  O b s-a~~-’~~t Ond n e l - : w t i e ’ h  crm e-ra :;p itn r~~s :5

cva i Hl a.

P r i  0 ef S LIU (  ~‘F-~ a s ~~~ r S ~ ~~~~~~~~~~~ 11

large rort naca~~e the b -~er-;ed ~e~jne~ ii : r rooe r t ies ‘ ide nfra~ are

e ppar an t ly  inno~ s i c  t e t i c  ml H the macow en c das cri ption qi “an 5/ Oth er

workers for the bromo analog)0 A view of the coordi iat inn ero~i ru a single

copper atom is gi - len in Figure 1; it is app arent  that the geo me t ry of this

complex is very s imi lar to -that oh she brcm o comp lex. The copper at-am lies

on a crystal lographic tw o- f o ld  axi s , the four coordination sites be inq

occup ied by tao chloride li gand s ~nd the N(0)  atoms of two a-ien in iu n catio ~s.

The Cu-Cl -and Cu-N (d) dis sences oh 2.223(1) and 2.0~ ?(2) A , respectively

are norm-w i toe lat t er value being cooper-able to she value oP 2 .0 13(5) A in

the b~orj-e c-crap ex~
0 
~nd to -

~ clue s of 1 .9i~5 to Pad ~l A reported for a varie:y

of  ot ner Cu-cHn i cema l axes . ~ Ph-a C l-Cu-Cl Cl -C u-N , N-Cu-N ) and two

inde pendent bond a ngi as uS tende i at cop pe r by the coordi na iad li ~ands are

97.iP(5)° , 93 . (l ) ,  ~~~. i - ~ (7~~
’ 

~nd l44 .66 (7) ° , respect ive ly; these compare

with values oh 9 5 .o1 ( 5 )~~, 95 . l (2) ° , 95.1( 2 ) and 144.7(2)° , res pectively , in

the brc-mo comp lex .

The ca t i on i c  purine is protonated at N( l)  and h(7) , as expected for an

adenine comp lex wi th  N (9)-c oo rd ina t ion.  The geometry of the l iqand is normal ,

the internel ang les at N (l) and N(7) showing the large values of l2 3.7 (2)°

and l06.8 (2)° , respect ively,  as a consequence of their being protonated; as

has been noted by i<ingertz ,17 these values are larger then those obser ved

at these atoms when they are unprotonated. The intern a l  bond angle at N (9)

of 105.0 (2) is , similar to that found for unprotonoted N (9) in purines ; this

is consistent with the observation of Hodgson ’6 that metal ion coord i nat i on

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_~
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1 am

lrr! ~m~S ~~ d. l i c t i c  an a chae~ — C 0 n  m t  ~-c cr~~!~~, r i  p u n - : a ~ ,el ~t ’ ’.~
tO c a i n  a - - -~h-~t i - a :~d —~~i-c ~s. Ida ban-i L!n14th : ;  :tni onm ’.es i n  ~~~~~~ cu i-v rn arc

n- - .! a Tad] a 3 - ‘
~ , i - na pe - . ely.

t : Enre i~ 0- ut h e— - clo~-~ appro ach i-F 
~-~~:‘ *s b-c -Ha r iser c a n t o r .

1 ~ -~ 1 a I iC 2 , ~~~~~~~~ i— ~r~ u < r ) r t c - ~ O t  0’

755 (d) A ,- ;hmc h in k one couce r center to these -n ny c sod del-ow it to Porn

inf i nit e a H— :e~ poi-iwe ric cha irm - . -v i H a ‘H-Cl.. r~~ ~h annIe ~f 169.23(7)°

i- ;i i Ia these Cl~ 
. .~~ j separ a t ions  ml -nht normal 1 ,’ be cons Her~-J l aroc [the van dar

~ia~Is radius of  Cl is given by Paul iog 13 as 1.80 A], natbi eld ad dtr’as 19 have

s imc ,~n toat CI U ~;eraraai ons of A .] A are apnarentiy ade q 1-:~ a to provi h-a a

pa c h— ia i  for ra une t i  c exchan g e  between ncm ni nd ly :conc-reri c [CuC ani -ors in

tn~ c r y s t a l s  of O(iIH 3Y-][CuC L- ]. He nce , the ores -ant ar rarne~-eno of

[Cu(Ad H F
)C1~ ]2 OflOS ers 1- - a n i  P a lso he E-~rect -ed to prov ide such a

and tni s is cvi :eotIy th.c c a s o L_ 1 ii~i g_tp:~_). In Ha h r-cnn are ] on , i-a ccl cul a

that Ha -~-crresno ndi og A r~ Hr s~p~ --at ion is 3.iPl A . Sinc e 2h~5 v -c lue is

only 0.04 A lam er then that in ~ He ch ]oro ca role r , i- - t i l e  the yan car

radius of or is 0.15 A larger ’8 th -nn that of Cl, one sco ld octicip at-e that

the mag net ic coupl in g in the brocr~ complex mou ld be c reaser than that in the

cnlcro ccrp la , t n s  e ~~~ r u l lon is ~c a i n  c r~ isten ~ th our oe~e ~
( r ~id e  inTro).
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~b- snlts end h is - ce ssion

I n - ~ Sari nq -a ci1e~:me - n- sr’only used for eden iO - a (-~-e rri coe u H r~) is

: 5 - - l u in Plea-a 1. Hr such a sa l c i t en c - t iora l syst em , i t  in be

t h a t , a v ,n iat- / of d i f re - ren t  ty-nas of  coordi nation keha- i ior te- -~ird trans t i no

ma tel s iy S-c ~o ’mnd , and thi v has been •-co n ci nand ox per i -sen h-c l ly . n-a

5 trucc uns of re - :al complexes of pun re and p- -- rimi dine bases h - ev a been

reviewed recentl y. 16 in the speci fi c case of copper (Ii), co m plexe s

involv ing neutral , cat i on i c , and anio nic adenine are know n , as are

complexes involving both m~nodetate and bidentate adenine. The comp lex

of composit ion Cu (Ad - H )2 4H70 contains the dimeri c unit Cu 2 (Ad-W ) 4 (H 20) 2 .
20

This dime r has a structure similar to that of copper acetate , wi th fou r

bridg ing adenine anions , coordinat ed throuQh N3 and N9 , and water  occupying

axial sites on copper. Two comple .ses of neutral -aden ine , Cu (Ad)2(Cl 04)2 2H20 
21

and Cu (Ad )9 Cl 2~ 3H 20 22 hrjVC u i aiiia ~ di ;reric st r oct ures , inv o lv i no. bridping

ad enine (h3 and N9) and water  or chlor ide , respectivel y,  occup ’,’ i n n m th~
axial s i tes .  Strong mr. eu net ic  excha nce interact i o ns , comp a—e bl-e to those

- . - 23 -25observed ln copper ace~ cte , nave be an demons ~ro:ed in a] or crese cc rcounds

Uniden to te  coord inat ion of neutral adeni ne (via N9) h-c s al a -a been demons t~- a ted

in the compi ax [Cu(glyo ly) (Ad )H 20] , - -~here g iv c l y = qlyryi :1lyci ~t~ .27 In

complexes of 9-methyladenine , ~-ihere the favored s i te of coordinat ion is blocked ,

the ligand coordinate s to copper in unidentate fas hion ~~~ fl7 16, 28

Two comp lexes involving protonated adenine coordinated to copper(U) have

been characteri zed. The unique tr irneri c comp lex (AdH~ ) 2Cu 3Cl 3~4H 20 i n v o l v e s

both adenini um and ch loride bri dges between the central and terminal copper (II)

s i t e s
29 , and we have recently characteri zed the magnetic exchan ge in this

comp lex~ [Cu(AdH~)2Br2]Br2 involves unidentate coordination of protonated

~~~~
‘
~~~

— -  ~~~~~~ - - .~~~-~~~~~
--

~~~~~
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udeni ne. I mu this cun pl cx The copp er a torn is cc . ~rd -~~
- -

~ 1 -:n t o  cc

ions and to the ~l ut~nns of tn -no A-id l i pands , qi - , ie- ~ -c;aebc -,’ at C’ i~ i~ )

best describ ed as tetra hedra l ly-d i:;to rted ;ga d r-a ~plarcr . 11m P - a nl ’

comment on the magnetic properties of this cn-runcu rad cnd ink n - c L one H

u-ore detai l when vie distuss the stol oh! omecn icol end a hru-a;u ra l y—n ~~ at-ed

complex [Cu(AdH~)2Cl 2]C1 9.

Th e aden i ne comp lexes which were s tud ied in thi s n-iork are di scus s ed

i ndi vidually in the follow i ng sec t ions . In mos t cases , the ma gn e tic and

spectroscopic data obtained a l low us to pos tu la te  reaso nab le structures

for them.

(Ad ) CuC 1 2. T h i s  complex , prepared in solut ions which are on ly sl ig htl y

a c i d i c , contains neutral adenine as a l igand . This is , of  course , required

by the empirical formula , and is confi rmed by the lack of react iv i ty w i tt

wate r , in contrast to mater ials conta i ni no to e oheni ii urn cot i  on. ci rhounTh

this comole x has been reported previous ly,~
3 there has cc -e n l i t t l e

characterization of it , and no structure has been sugge s t-ed. The naqnetic

suscept ib i l i ty  of (Ad) CuC l 2 e x h i b i t s  a m a x i m u m  a t  55°K , and the complex is

diamagnetic below lO °K. The form of the susceptibility is typical for

exchange coupled copper diniers , and the data may be accur etal y approxi m ated

u s i n g  the Bleaney—Bowers equation (i)~
’

2 2  -

X m = 
3kT [1+1/3 exp(-2J / kT)]  1 (1)

The bes t least -squares fit of the data to this equation gives a singlet-

triplet spU tting , 2J , of -64 cm 1 w ith g 2.08. These ‘values are in good

agreement wi th those pre viously found 25 for th i s ma terial , t hos€ ~ pa rameters

b e i n g  2J = -61 cm 1 and g 2. 10.

- ~ —~~~~~~----~
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On 5:’ has in of this d i to - c  n’-o~~os~ P .  n o - - c t  - ‘ :-h - - -; - 3.

TIm ’ c o p ~~~is renut ta ci~ crl~- L I :  i n  trace the ~J~~~-5 a’-c ~~ e <cr : a c - nc -H -
~~~

copper ( I I ) d l iners , and thus a 1 i pond— ia- i dn~-i s t ructu re is . -
-

the proc l iv i t y  of copper(I I)  to ~ Oi n  c o o r d i n a t i o n  comber -c -~
‘-~ter mn

four , and the coordinati ve unsatur cu t ion i c’pl i ad a ,’ c~e :-m-m c a . ~t j-~ ii ha -‘

that aden ine functions as a biden tate liga nd. !.i acco rd - - i i -t:i c rc - u- b us

structural results on copper —adenin e co mola. <as , then , e e nc a se c hat  eden ine

serves as a bridging lig and in this complex. The mnao ni tude oT -eTc xchenga

integra l , 3 = -32 cm 1 , is cons istent with this assignment. The value of 3

in (AdH~ )2Cu3Cl~~4H2O , with a single adenine bridge between copper sites ,

i s -16 cm~~. ~ Since the ma gni tude of 3 should be proportional to the number

of bridging ligands involved in the stu per exch anc e interact ion , a str ucturally

simi lar  complex - u i th b-so adeni ne brid ges is then cr~di cted to he - .’c a va lue

of 3 nea r  -
~~~~~ cci 1 , in exce l lent accord i-u ch our resul ts . Our cv i -i-a rc -a for

the chloride i r idges in the propored structure is sonaewhct t ore tenuous , but

is consistent w! t ’ ,  i xpe ri mne nta i data . Firs t , an absorpt ion in He infrared

spectrum at 268 c ia’ 1 is in the range observed for bridg ing chloride in

copper complex es .32 The val ue of 3 is also consistent wi th a s tructure

involv ing br idg ing chlori de . As previously noted ,5 copper dime rs involving

only adenin e or adenine anion bridges have values o F 3 (pa r ede nir ie) in the

range -20 to -35 cm 1 , and -in such complexes the copper-copper distance

is approximately 3.OA. 16 In (AdH~)2Cu3C18~4H2O, wh ich has 3 somewhit 1o’-~ier

than this range , the copper-copper distance is much longer , ~~~ ~~~ T h is

lon ger distance is presumably the result of the br idging demands set by the

chlor i de i on , since copper-copper distances in a variety of chloride-bridge d

copper dimers fall in the range 3.37-4.41 ~~~~~~ The similarl y low value of 3

- - - 
-

~~~~~ T: : -~~~~~~ m- - - ~~~~~:- ~~~ --~~~ 
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C :bu ~~’v::LI ;- or  (Ai ) CuU1 
~ 

eu Lh~n ia uO-oes t S u -~~-~. t ’ urul coo st ‘0! nt a s Hi ian I.e

tn~~~ in ( ; - ; H~ ) / r J Lt ~~ -H~~ , : u i I .  i i  OUI, S :q .C(~- Ca , -n id g i ep ch iur n e ~~~~

1-n in the c a se of ( T ; t )~ L 3Cl ,m~- L~C , it  -c ~~~ ibH that Ha

unit in (Ai )-i :uC1 2 ~ iol ’ :: ~~io-ad v i i  L r i d ~~a’q ~‘1 ~r ! H i r ’e ~ ; u t n  e ch ain

structure . Al thouqh Her’-’ in en direct e-u i ian c to sonc-est m~uh ~n sociaL on,

t ma  low s oi ub ili tv at LOiS comp -r c , in co ntras t to ne L a c r ~ -~. - ccen ~ rae

d imers , is compatible w i t h  po l’~r-a rHat io n.

(A dH2
2
~)2CuC l 6. Reac ti on of ndenine and co pper( I I )  in ca nc a ncc ~ted HC1

solution produces a material conta ining the dip roto nated ~de n ine iaoiety .

T h i s  i s , to our knowled ge , the firs t report of this ion . Give n both the

excess of po tential l igands and the much 1 cc-icr b e s T c ~ ty e; <p cnte d for

diprotonated adenine , it is li kely that AdH 2
2 is uo t c oo r d i oc t ed  to coeper

in this mat erial. For the same reasons , it is expected that monnureri c

chlorocu p rates , CuCl
~~

2
~~~

, will be present. The l ack of exchange

interactions , hence the pr esence of monomeric copper compl axes , is cl ear ly

reflected in the magnetic susceptibility . Over the temperature range 0-50°C

(A dH2
2
~)2CuC 1 6 exhi bits Curie-law behavior , and the tem perature inde penden t

magne t ic moment , ~ = 1.74 B.M. , im plies monomeri c copper species .
e f f

There is li ttle precedent in the literature for species containing

“CuC 1 6
4 Recen tly, howeve r, a similar material was reported with the

piperazinium dicati on , and based on e lectronic and infrared spectra was

ass i gned as containing a s q uare -planar CuC1 4
2 ion .34 Based on the

s i milari t ies in color and fo rmula , i t is tempting to assign a si m ilar struct ure

to (AdH 2
2
~)2CuCl 6, although the possibility of higher coordinatio n numbers at

_____________ _____ ~~ -~ -----ma-c e .~~~~=u~~~t -- m~~i_ . -
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c .c~par can not be ruled c~ L. ~~~~~~~~~~~~~~~~~~ is ~~~ rmnu - ’ -a’ - - ic ~

t uucle r c o !a n -a i av . ar s ih l e  col-~r chance el an !ua~- ted to P- ;~C , chan ce

ct t r i~~t te d to c-cov e rs ion L ’ - - ;ard ua t r i -h  ~dr~1 peore try .  (P’d? 2 
~)L:J1 p dO~~S

not -~xhibi t s ri -cPu therrccIa r~ni c b e h e -ulo r , ci Thou c~- -~ i n ~er’a s t j c ”I co on

phenomenon aes ubsorved - Some p re parat~ -on s of this complex ad to on

apparent mixture of  yel low and green crys ta ls .  ho - -re i -u n , under -i cras co-a~c

exami nation there were found to be not univ ye ll-ow cr - s ta ls and ;reen c rys ta l s ,

but also what appeared to be w e l l  fa rmed crystals which were ye iin~/ at one

end and green at the other. Al though the yellow color secured to slowl y

convert to green over a period of several r~nth s , these mi xed crystals were

other~ise rather stable.

Al thouch the nominal excess of avai lable 11 gands 1e~ds -to or010cenic

copper c or : p iexe s in this part icular case , the existence of ‘CuCl 6
’
~~’ is no

g ru au - an tee  of u-roncio e -- ic behavior.  The com p l - ax LCo (en)3JCc:(i~~~!.;-i ~~~~ H a d

to contain the [Cu 2C1 
~
]‘

~ ion ~
5 , and - a  he ye prepared a ‘ CuCi 6

4 ’  sa lt w hic h ,

based on magnetic s usceptibi l i ty , in clearly dimeric .~~

( AdH~ )2 CuCl 4. This bri gh t green , crysta l l ine cnmp lex has been nrc-ocred b oth

d i r e c t l y from the reaction of adenine and copper chloride in HC1 , ~r d by

the recrysta l l izat ion of (AdH~ ) 2Cu 3C1 8~4H 2O from 3M HC 1. This rato r ia l  is

analogous to the known bromide compound (vide supra ).

A plot of the magnetic susceptibility of (AdH~)2CuCl 4 as a func tio n

of temperature in the interval 2-50°K is given in Figure 4. T he susce pt i-

bility maximizes at 13°K , a resul t which provides a clear indication n-~

magnetic exchange interactions . Initial a t t e m p t s  to understand these data in

terms of exchan ge-coupled copper(II) diurers were unsuccessful , and these

efforts stimulated the structural study reported therein. The data may ,

__________________________________________ -~~
_—_ - --‘— -_ — -

~~~~
—---.



~~~~~~— --— —~~~~~~~~~ - - - - — -- ~ ---~~~~ - -

H-.-a~ver , he occura l. ul y Fl t by the h-a i - , - n b a r q  H rw u l-utio n ~nr  ~~nPu

Ui an l f l h l i l j tO c h a i n  of  ex chc iu ipa — ceu pled c a p c a r -  iri r~- .

The I1a nilL- j n i~ n :Jr - s p I n  i n  ra~Hio~ a b - a i a! h - ia - :no

ions al ong an in r !niha (1ra -dur r cri ~ i rfla1 r ha i ,i i s  gi an by OIl) ti~

where 3 is the

H = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

exchange integral arid Y can have vilues rangiap from ~~ I - ~-an -~-~1

the isotropic Heisenberg model is the result , w h il e ~or one li m i t  -
~~~~~ nbc

anisotropic Ising mod -al is obtained. Close d- rare Zr r-ass !ans ro~ tn- a

magnetic susceptibility of a linear chain of ion - s of = 1/2 Or~ r va r 1ab1 ~
for the Ising model ,38 while the Heisenber g aodc~ can be ape raxi o- a red by

us i ng the resul ts a F Banner an d Fi sher 37 for in~ i n i t ~ S 1/2 cha ins ia;h~~r-~

kT 1ia x/IJH 1.282 and ~~~~~~~~~~~ 0 - 0 7 35 .  T:o :~ en inotroa ’in Ic r sq sim o l i  ri-

cation of the exchange Flamiltonian (1) is sub ct -ar t i -olly o~ rer Po~ ccc

description of one -dimensional polymeric syst em s ha v ing large exohinu qe

interact ions ~~~~~~ Furthermore , a s ingle-crystal maune tic-s ’ isce ~ t ibi iity study ’

of the li ne ar- cha i n comp lex [ [Cu (pyz) 2 (NO 3) 2 }~ ] demonstr ated that , o- ,-en For

the small value Jj/k = 5.3’, the exchange interaction is qu ite isotropic.

The Heisenberg approximation was therefore chosen to descr ibe the experiment al

magnetic susceptibilities of ~AdH~)2CuCl 2]Cl 2.
Since no closed-fo rm expressions are available for the Heisenberg

linear-cha in model susceptibility , the experimental data were graphic ally

f itt ed to the results of Bonner and Fi sher .37 The best f i t obta i ned for

the susceptibility of (AdH~)2CuCl 4 is shown as the sol id line in Figure 4.

The parameters obtained were 3 = -7.6 cm and q 2.10.

____________
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The bromide ana logue has been cha rac oen i cad s t rn c t r j r r  I rui H

the struct ure hei n j  d esc r ib ed  as I; o romeri c [(~~~:H ) n L r,,~ 1 - Zas H --

geometry approxi niata ly ha l h-uay b -i en tetrahedral and s-r~uar -e-p i ~

[\ ccl cu lati on of the bromi Je—bro ini de contact r-cu ’eali the s— ~-ne ciose :~~rrre - :h

(vide s~~~a) found in the case of the chloro comp ound , and a st u d , of the

magnetic susceptibility of {(AdH~)2CuBr2]3r2 (see Fi~ ure 5) reveals I m ean

chain behavior with 3 = -36.5 cm 1 and g = 2.02. This is a remarkoo le

result since exchange coupling of this mac~itud e woul d n-co he -e ::eotc’d

for a supe rex chan ge pathway of the  s o r t  foun d here .

Concl usions: We have shown that under acidic aqueous conditions , react i on

between adenine and copper(II) produces several c rop i  °~-es. These in clude .

in add it i on to the p reviousl y reported l inear Hire r (AdH c ) 2 C u3 C ia H~H2O ,

nonom eri c (AdH 2
2
~)2CuCl 6, dimeric (~d)CuC1 2, and in ea r-chain na -r e - ~ c

(AcH~)2GuCl 4. When considered in light of He pr-a-/i m slv cnrwfl cam~1 ax es

o f copper(II) with both neutral and anionic acie ni nc , th e remarkable

versati l ity of mul tifuncti onal li gands such as udeni ne b crres clear.
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Tabl e 1

Positional Para:ceters in [Cu (TJH
T
)2Cl 2]C12

Cu 0.0 -0.17052(5) 0.25
C~(l) 0.01000(5) -0.34770(7) 0.00334(3)
Cl (2) 0.27552(5) 0.22733(9) 0.19128(7)
N (1) 0.1421 (2) 0.4207(3) 0.3355(2)
C(2) 0.1043(2) 0.3336(3) 0.2308(1)
N (3) 0.0807(2) 0.1901(3) 0.2292(2)
C(4) 0.0943(2) 0.1335(3) 0.3436(2)
C(s) 0.1329(2) 0.2151(3) 0.4533(2)
C(6) 0.1594(2) 0.3677(3) 0.4515(3)
N (7) 0.1351(2) 0.1170(3) 0.5467(2)
C(8) 0.0976(2) —0.0144(3) 0.4924(3)
N (9) 0.0719(1) -0.0103(2) 0.3686(2)
N(1O) 0.1985(2) -0.~-S59(3) 0.0506(3)
111 0.155(2) 0.529(4) 0.327(4)
112 0.094(2) 0.339(4) 0.150(3)
H7 0.154(2) 0.135(4) 0.621(4)
H8 0.091(2) -0.096(4) 0.537(3)
HlOl 0.214(2) 0.550(5) 0.544(4)
Hl 02 0.209(2) 0.417(5) 0.625(4) 

- - ~~~~~~~~~~~~~~~ -~~~ - ~~~~~~~~~~
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- 
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Table 2

Thermal Parameters in [Cu(AdH~)2Cl 2]C12

Atom 5 a or B(A2) :3-
3 ~~3

Cu 0.00239(2) 0.00334(6) 0.00236(4) 0.0 0.00053(2) 0.0
Cl (l) 0.00334(3) 0.00513(2) 0.00366(6) -0.00052(4) 0.00105(3) 0.00190(5) 1 -

C l (2)  0 .0031 5(3) 0.00661(9) 0 . 0 0 3 8 1 ( 5 )  0.00160(4) 0.00036(3) -0.00040(6)
N(l)  0 .0025( 1) 0.0036(3) 0.0049(2) -0.000 5(1) 0 .0016(1) 0.0002(2)
C(2) 0.0025(1) 0.0061(3) 0.0038(2) -0.0038(2) 0.0016(1) 0.0005(2)
N (3) 0.00240(9) 0.0356(3) 0.0027(2) -0.0004(1) 0.0011 (1) 0.0000(2)
C(4) 0.00171(9) 0.l 3~(2) 0.0027(2) 0.0000(1) 0.0009(1) 0.0001(2)
0(5) 0.00 171(9)  0 .00 4 0(3)  0.0027(2) -0 .0001(1) 0.0008(1) -0.0003(2)
c(s) 0.00163(9) 0.0041(3) 0.040(2) -0.0001(1) 0.0010(1) -0.0008(2)
1-1(7) 0.0025(1) 0.0053(3) 0.0020(2) -0.0004(1) 0.0004(1) -0.0003(2)
C( 3) o. oo~c ( l )  0.00 50(3) 0.0027(2) -0.0004( 1) 0.000 7( 1) 0.000 5(2)

0.00199( 0 ) 0 0035(2) 0.0024(2)  -0.0003(1) 0.0005(1) 0.0001(1)
N ( lC 0.00 -26 ( 1) 0.0051(3) 0.0052(2) 0.0009(1) 0.0009( 1) 0.0020 (2)
Hi 3.2(2)
H2 1.8(6)

3.3 ( 9)
H8 2 .2(7) t -

HIOl 3.9(9)
H102 3 .0( 8)

The form of the anisotropic thermal e l l ipsoid is
exp [-(~ 1 1 h

2+t- 20h
2+n- 331 ~+7 3l

2+2~- 12hk+25 1 3h1+ 2~2 2l )] .



T ab le 3

Se l •~ctad Bond l.cngt h3 in [Cu(;~ti F ) 2 Ci 2~~
12

Distanc e

Cu-Cl ( i )  2 .228( 1)
Cu -C 1(2 ) 3.931(2)
Cu-N (9) 2.015(2)
c1 (l)-C1 (1)’ 3.755(2)
N (i)—C( 2) 1.364(4)
N (l)-C(6) 1.353(4)
C ( 2 ) - N ( 3 )  1 .301(4)
N (3)-C(4) 1. 360(3)
C(4)-C(5) 1.382(4)
C (4) - N(g )  1.369(3)
C(5 ) -C (6 )  1.397(4)
C (s ) - N(7 )  1.374(3)
C(6) -N ( lo)  1.328(4)
N (7) -C(8)  1.33 - 5 (4)
c( 8 )- r- u(g ) 1.340(3)
N(l )—H 1 0 .97(4)
C(2)-H2 1.00(3)
H(7)-H 7 0.81 (5)
c(8)- HB 0 .91(4)
N( l0 )—H lO l 0 .87( 4 )
N ( lO)-H 102 0. 88(4)

~~~~~
i. 

~~~~~~~~~~~~~ -~~~~~~~ - - -~~~~~~~~~~~ - - -  -—- — - -- - 
- _ _ _1 -
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. 

~~~~~ - ~~
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Table 4

Sd ected Bond Angles in [Cu (hH )2Cl 2]d1 2

Atoms Angle(~
)

N(l )—Cu —N ( l  ) ‘ 93 .3( 1)
N( l ) -Cu -C 1( l )  94 . 74( 7 )
N ( 1 ) — C u — C l ( l ) ’  114.66 (7)
N (l)’—Cu -Cl (l ) 114 .66(7)
N (1) ‘— Cu—Cl (1)’ 94.74(7)
Cl (l)-Cu-Cl(1 )’ 97.78(5)
C(2)—N(l )—C(6) 123.7(2)
N ( l ) — C ( 2 ) — N ( 3 )  124.8 (3)
C(2 ) - N (3 ) -C(4 )  113 .4 (3 )
N (3 ) - C (4 ) -C ( 5 )  124 .6 (2 )
N (3 ) — C(4 ) - N ( 9 )  1 2 5 . 9 ( 2 )
C (5)—C(4)—ri (g) 109.5(2)
C(4 ) - c ( s ) -C (6 )  120.2(2)
C(4 ) -C (5 )—N( 7 )  105.3(2)
C( 6 ) -C ( 5 ) -N (7 )  133.5(2)
N (l )—C (6)—C(5) 113.1(2)
N (l)—C(6)—N( 10) 121 .2(3)

106.3 (2)
N (7 )—C ( 8) —N ( 9 )  112 .4 (2)
C(4) - N(9 ) -C(8)  105 .0(2)
C u-C l ( I ) -C l ( l ) ’ 169 .23 (7)

~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~-



f- ~~~~~~~~~~~ C- - j t i an-

are I : View oF a sin -h e unit  o f  th~ [CcCi
2

(,
~ 

) 2 H c~ nic. n ; ~o-~

hydroren atoms are ohc ~,n as snh eras of - v - bHr ~ r , - si re , - - h~ t e

an isotrop i c theranal e l l ipso id s  are 0r~~•in at - -

probab ility level .

Figure 2: View of the zigzag polymeric cha in in te rac t ions  in ~
crystals of [CuCl 2(AdH~)2]C1 2. The vie- -i di rectHn is

along the crystal lographic h -ax is.

Figure 3: Proposed structure for (Ad)CuC 1 0 .

F i g u r e  4: Experimental ragnetic susceptibility per copper a :ccn for

[CuC 1 2 ( AdH
F ) 2 ]Cl 2 as a function of  te-~uer-ature . (he sofl— i

line is the best f it  to the Heisenber ~ i i ne - a m-c h~~n~~od e1.

Fi gure 5: Experimental magnetic suscept i b i l i ty  per copper atom for

{CuBr 2(AdH~)2]3r2 as a funct i on of te~oera~uce. The solid

l ine is the best fit to the Heisenberg linear chain mo del.

- - -_______ ~ --

• 



— — —V  ~~~~~~~~~~~~~~~~~ — —  - -  - --— ---- — — —- y -  -_-- - -

(~~ 

! )

1~
/ -‘~~~~~

,I

~~ — _~~~~~~ _~ ___4 ‘
~~

—-::~~ /
N—

~~ 
1’

~~~ ~~N fl 7-

- -

V

(
~~ / C

- -
~~~~~ ~~~~ -y
~~~0-~

fr• -
~I-

‘Ic

0

____________________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - ____



~~~~~~ -- -~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ - ---- ---

~~

_V

/ - V

/
/
/

/
- - 

-

-

L:•_ i__ I -~~~~~ ~~~~~
- - 

- - -~~~~~~~~-- - - - -~~~ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~ _ _ _  _ _ _ _ _



- — -- — -- -  - -

~~ 2
~ 

j

\
\

I ~

Ci Cü~ ~Cu CE

I

KT ’c
~~~~~~~~~~~~~~~~~~~~~~~~~~~

NH2

~~~~~~~~~~~~~~~~~~~~~~~~~~~ T:~~~t ~~~~~ -~~~~~ - -  -~~~~~~~~~ ~~~~~
- —



_ _ _ _  _ _  0
/

/

- ~\. - 

o
0

8~~ 
ci

0 c 5 X

•
_____—

~~~
_.L ~~~~

- • - - ~-



~~~ . ~~~~~~~~~~ 
— _7_~~~

_
~ -U--—— - - - -—- -‘- - - - -  - —

0

/ L~~1
- V .

/

C

C
I1

I
I

r~J - 0
“U.-,

/! F-

cc

-

-

(flS5D )~~QL,x W
%

~~- - V - V  _ :~~~ 
- - ~~~ :t_~_~~~--~ -: ~~~~~~~~~~~~~~~~~~~~~



F.— - V - 
~~~~~~~~~~~~~~~~~~~~~

T E C H i - ~ ICAL  gr ,r) 0 _ .-r iai~:~~o r I i L r  r e  1 - 1  ST

oi Co~’j~~ ; ~ .—‘ . co--

- ‘~~~~~-~~ L- ~a7dI Ru:~~~~fc~h D- ~f ;~ ,O (~~I - ~~~t - t  i- O f l  ~~~~

V i r g in i - .~ 2 2 2 1 7  ~- u . i i d h ~p 0 , O - r ~-~~ 0 t - a t i ~~c
Cod e ~72 2 A lex Ln d ria , V!~~1~11 .. 2 2 3 t ~ 12

CP ~~i~~e of N~~va1 R e s e a r c h  U. ~-;. !~~
-
~~~~‘ ~~-sear ch O :Ffi c-~

i~~ ii r i g t on , V i r g i n ia  2 2 2 1 7  P. 0. P - o x  12211
A ::n : Cod e 10219  6 s~~~ rc !  ‘

~~ ‘ ia r 1 .~~ie i-a z’k
O o r t h  C - ~r o l in a 2 7 7 0~

O SR branch O f f i c e  A t t n ~ C R D - A ? ~- I P
5 3 6  S .  Cla r k S t r ee t
C h i c a g o , I l l i n o i s  60605 Conimand~ r
Att n~ ~r. George Sandoz 1 Saval Undersea g-as earch ~

D e v e l o p m e n t  C e n t e r
ON?. Branch Office San Diego , California 92132
715 Droad~~ay Attn : Technical Library ,

~ew York , New York 10003 Code 133
A t t n :  S c i e n t i f i c  D e p t .  1

N a v a l  U~iapo ns Ce n ter
3:/ ~ 3r a nch O f f i c e  Ch ina  Lak e , C a l i f o r n i a  9 3 5 5 5
1030 East Green Street A z tn: Head , C h em i s t ry D i v is i o n  1
~~a s - c d e n a , Califor cia 91106
!~~tn : Dr. R . 3. N a r c u s  1 Na v a l  Civil Eng ineering Laborato ry

P o r t  Thicner ~~~, California 93O !~l
C S R  P r a n c h  O f f i c e  A t t n :  ~V !~~~ V . S .  H e y r ~es
730 5 -a r k e t  S t r e e t , R m .  L~ 47
.~~n Francisco , Californ ia 94102 Prof i~~sor 0. N€~i~~z
At tn : Dr. P. A. Mill er I T jap a r tm en t of Phy sic3 £ Chemist ry

Na val Postgraduate School
O J ~ . Sran ch O f f i ce  N o n t ~ar ~~i ,  C a l i f o r n i a  93 9 4 0
/35  S u m m e r  S t r e et
;~-~~t on , N a s s a c h u s e t t ~ 0 2 2 1 0  Dr .  A .  S. S1cf lcosk y
.~~~~ r t :  D r .  L .  FL.  P eeb 1~~s I S c i e n t i f i c  A -J v i s o r

‘Conmen-0 -snt of the Marine Corps
)ivector , Naval R~ s-~arCh Labora-oory (Code i-~D-1)

• - - -hing ton , D. C. 20390 ~‘ a ’~h i u ~~~t on , D. C. 20380
Att n: Library , Code 2023 (ONRL) 5

Technical Info. D i v . 1
Code 6100 , 6170 1

The Asst . Secre tary of the n a v y  ( R ~~D )
f l e p~~r t m e n t  of the Navy

-~~~~: 4E736 , Pentagon
‘ ‘nhingto n , D . C. 20D50

Con -~~ nd er , Nava l  A i r  Sy s t e m s  Co m man d
Department of the Navy
U a z h i n g t o n , D.  C .  2 0 3 6 0
.\ttn : Code 310C (H. Rosen-..~-is~ er) i

- ‘ ~~~~~~
---

—-- - --- -~~ - - V - V  
-

--~~~
.-

~~~ -
-- -- - - — --Vt~ 

-—----
~~~ V---~~~--- -- -— _ _ _



t L C } t ~.ICtI 5 r:~~(r/ Li ’ D IL S L S - ItO

Do . U N . L ip ~~comb Sr. € ‘.. C c ; ; l - - y
0~~~~~3~~~~~~~~

r-it of Ch et9 i -~try LJ:~ i v-~r sit y  of ~‘e x- a s
I ’ ’ ~’ard tin ivers i ~ —j O~~ ) - ~r t a e c  ~: of Ch~r~is try

, ~~.ssachu setts 1 
~~~~~~~~~~ iii , fex~ts 7 8 7 12  1

02138

D r .  N . H a t f i e l d
Or . ~~ . U .  Cri~~e~ Nr~Lv er si t” of L -a rth Carolina
S-apart m ent of Ch em istry Dep ar t~~-~nt -~f Che~~istrvUni ve rsi ty of V i r g inia C h ap e l  S 1 1 , Nor th Carolina
C h a r l o t t e s v i l le , V i r g in ia  1 2 751’4
2 2 9 0 3

Dr. L I . Tsut sui Dr. D. Cey fer th
P-apart m e n t of Chem i3 try Naa -sa ch~~set ts Inst itute of
Taxes A~~i Univers~~zy Techn olo gy
Colle ge Sta tion , Texa s 778 .3 1 Eep artm e n t of Chemistry

Ca m b r i d ge , U a s s a c h u s e t t s
Dr. C. Qui ckcal l o~~loaD e n ~ir tme n t of Chen i s t r -~’

org ~~t -own U n i . r e r s i t y  D r .  H .  El . C h i c h o i m
07 t h  ~ 0 Str ee ts Princ -a ton U n i ve r s i t y
N~~ch ~. mg ton , D. C. 20007 1 De~ ~rt m en t of Ch ea i st r y

Pri nceton , Nat .; J~~rs.~y 03540
D r .  N . F. N aw t h o r n a
D~~’-ar tne nt of Chem istry Dr. P . Fcxm an
tL n i v e r 3 i t~r of C~. 1i f - sr n i a  D e p a r t m e n t  of C h e m i s t r y
Los ~el e s , Ca lifornia SD? 24 1 

~r~ n d~~j- University
t i a l t h a m , M ass a chus etts 0215te

Dr. A lan Siedl~
Na tional Bure au of Stand -ard s
D -~n -ar tme nt of Comm erce
C he ~ii st r y  S e c t i o n
U a s h i n g t o n , D .  C .  2 0 3 7 5  1

Dr. V . B. Fox
i-lav al Research Laborator y
Chemistry D i v i s i o n

- - Code 6130
Washington , D . C. 20375 1

Dr. R. 3. Lagow
University of Texas
D epartm ent of Chemistry
Austi n , Texas 78712 

_ _ _ _ _ _ _ _— ~~~~~~~~~~~~~~~~~~~~~~~ -
---. -  

— -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -—-- —V. - --- --- -~~~- -


